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1 Introduction 
Due to the enormous amount of information on the Internet today, search engines 
have become indispensable for finding specific and appropriate information. If we 
consider the user’s task, two main search engine components are equally important 
to carry out a successful search:  
(I) the search process, which seeks the requested information and orders the 
results by relevance; and  
(II) the user interface, where the user types the query keywords and the search 
results are shown.  
Since individuals interact with the search tool to set up a search task and explore the 
results, it is essential that user interfaces be easy to use and accessible to all; this is 
particularly important for sightless users who, interacting via screen reader, perceive 
the page contents very differently and experience a much longer search time. 
In this study we describe a research project aimed at evaluating the accessibility and 
usability of several popular search tools available on the Web, in order to understand 
their limitations/drawbacks and propose improvements.  
By means of automatic checking, gathering user feedback, and a screen reader, we 
were able to identify the main accessibility and usability problems. We then defined 
and proposed specific guidelines for improving search engine user interface design. 
Finally, by applying these directives to the UIs of Google, a search engine which is 
commonly considered accessible and easy to use, we were able to demonstrate that 
accessibility can be greatly improved while the interface maintains the same visual 
appeal. Specifically, we modified the Google interfaces by adding specific “hidden 
features” that greatly improve navigation and the search activity via screen reader, 
but do not affect the navigation of sighted users.  
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2 Background and Motivation 
Common problems encountered when navigating via screen reader are: 
• Lack of context – The user accesses only a small portion of the text and may lose 
the overall context of the current page. 
• Information overload – Portions of the site which do not vary (index, frames, 
banners) may overload the “reading” since the user hears the same items over 
and over for every page. 
• Keyboard navigation – Since blind users do not use the mouse functions (i.e. 
pointing, scrolling, selecting, etc.) they move around the page using keyboard 
commands, such as Tab key, arrow keys, and so on. 
• Excessive sequencing in reading the information – Basic screen reader 
commands for navigation and reading enable the user to explore page contents 
sequentially.  
• Screen reader interpretation – The screen reader deals with Web page content in 
a very different way with respect to visual rendering. This requires a certain 
expertise in understanding advanced screen reader and browser commands, as 
well as orientation within the page itself, and both require considerable effort. 
These drawbacks slow down navigation, annoying the user and provoking great 
frustration. Other user interface features should also be considered when improving 
usability: 
• Component position. This is important since value-enhancing features are more 
"visible" when positioned in an area that is rapidly encountered by the eye and 
does not require page scrolling. In order for a sightless user to obtain a similar 
perception (i.e. visit the most important parts first) the main components of an 
interface should be located at the beginning of the page. 
• Expressive power. A visual element communicates any kind of information much 
more rapidly and effectively than other methods. Keyboard navigation and 
sequential access through the page content is slow and can influence the 
navigation of blind users. Faster navigation and positioning over interface 
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elements can be obtained by assigning access keys (keyboard shortcuts) and tab-
index values (used when navigating sequentially) to the most relevant 
components. By means of shortcuts and “priority values” sightless users can 
quickly reach the desired search field or result link. Moreover, assigning a simple 
and familiar label to a field facilitates recognition via screen reader. Labels 
should be placed over or to the left of the field, to simplify exploration via arrow 
keys.  
• Simple, clear design. It is very important to design a very simple interface in 
order for users to navigate the interface easily. Common design errors are unclear 
mapping of functions or too many functions grouped in the same space. This can 
require a non-intuitive understanding of the interface functions or an extra effort 
to remember the confused parts. We can observe this drawback in web directories 
whose interfaces are quite complex (full of elements) and can create confusion in 
a sighted user as well. A significant element in Google's success is related to its 
clear and simple user interface. 
• Search criteria. A user typically performs a simple search and specifies one or 
more words, obtaining a large set of results. Advanced search options and 
commands can be specified to restrict search results, but, though powerful, are 
rarely used, even by skilled individuals. Instead, the function for searching within 
results (specifying additional keywords) can be easily used by unskilled users as 
well. However, due to its position at the end of result page and its font size and 
color, in Google it is not easy to see.  
• Result exploration. Clustering permits users to explore results grouped by 
category, so users can navigate a single branch of results at a time, more 
efficiently. If correctly implemented, this feature increases interface usability and 
could also save time finding pertinent results. 
Although search engine companies have frequently attempted to improve usability, 
usually the design layout is aimed at sighted persons; thus in most cases, new and 
interesting UI features are useless for blind persons. Thus, although the Internet is a 
precious source of information and offers many services, these drawbacks can 
discourage visually-impaired users from attempting on-line access. In order to reduce 
this “digital divide”, the design of all interfaces should consider the special needs of 
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the differently-abled. The individual as the center of any kind of artifact created to 
satisfy human needs is the main philosophy of User- Centered Design methodology 
(UCD). We can also assume that a user interface is a kind of artifact and should be 
designed with the users, their particular experience and cultural environment in 
mind. It is important for the designer/developer to take all these problems into 
account from the very first phase of the project/design. 
2.1 Related Works 
In the last few decades search technologies have evolved from dealing with small 
collections of homogenous and structured data, to indexing the enormous amount of 
heterogeneous and unstructured data available on the Internet today. Before, 
information was only available to a very skilled group of individuals such as 
researchers, librarians and information brokers (since a complex query language was 
necessary for interaction) while today anyone can look for anything on the Web, 
regardless of his/her training or expertise in information retrieval. This rapid, 
enormous expansion of the Internet led to the development of a new kind of search 
tool: the commercial search engine, such as Google, which provides free text 
searching of mostly unstructured data [Vaughan 03]. Popular Web servers, Web 
content providers, and e-commerce companies all employ search engines and offer 
interfaces to increase the “findability” of their information, products and services. 
For the Internet “at large” this is even more important: about 85% of users surveyed 
in [Kobayashi 00] use search engines and search services to find information. 
However, we have not yet arrived at very usable design solutions for search tool user 
interfaces, and even skilled individuals can encounter difficulties when making 
queries or seeking information. [Vaughan 03] reported that only 18% of users said 
they could find what they were looking for on the web. In addition, 67% were 
frustrated when searching, 21% reported being able to find what they were looking 
for nearly every time, and only 60% reported finding relevant information most of 
the time.  
Unfortunately, search engines are particularly difficult for a blind person to use, 
since difficulties in Web navigation add to the complexity of the search engine’s 
interface and functions. Specifically, for people using a screen reader (which gives 
modal access) actions take longer and tasks are more difficult since additional 
actions are required [Brajnik 04]. The gap between blind and sighted users’ 
efficiency when performing online search tasks is explored in [Ivory 04]. In their 
experiments, the authors discovered that blind participants took twice as long as 
sighted users to explore search results and three times as long to explore the 
corresponding web pages. 
Many studies focus on web interface accessibility and usability ([Scapin 00], 
[Nicolle 01]) but to our knowledge few involve the study of search engine interfaces. 
Research on search engines mainly addresses algorithms, strategies and 
architectures, and focuses on increasing the effectiveness and quality of results. For 
instance, regarding the relevance and precision of results, in [Agichtein 03] the 
authors introduce a meta-search engine which transforms a user’s query into a set of 
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more effective queries and re-ranks results on-fly, demonstrating that their system 
outperforms the underlying search engines.  
Another branch of search engine research aims at improving the Graphical User 
Interface (GUI). An overview of the variety of possible visualizations for search 
engine results and a discussion of the main factors for their success can be found in 
[Mann 99]. In [Vegas03] authors present a graphical visualization tool for helping 
users determine the relevance of a Web page with respect to its structure. Such tools 
can help the sighted user decide whether a page is relevant enough to merit a visit, 
but unfortunately, since they are based on graphical interfaces, are useless for the 
sightless (who would truly benefit from this kind of support). 
Regarding accessibility, the W3C Consortium addressed this topic prior to 1997. The 
Web Accessibility Initiative Interest Group (WAI-IG) investigates the problems of 
accessing the web, presents alternative web browsing resources and produces 
guidelines for web content, authoring tools and user agent accessibility. Within the 
framework of the Web Accessibility Initiative, the W3 Consortium proposed a set of 
14 main guidelines, called Web Content Accessibility Guidelines 1.0, 
http://www.w3.org/TR/WCAG10/, (presented in the Recommendation dated 5 May 
1999) and is currently working in a 2.0 version (http://www.w3.org/TR/2004/WD-
WCAG20-20040730/). In addition, other accessibility guidelines have been defined, 
i.e. the Section 508 standards defined by the US Government 
(http://www.section508.gov). To facilitate testing of web content accessibility 
several automatic tools called validators have been implemented which automatically 
verify source code conformity to these guidelines.  
Accessibility and usability requirements for sightless persons are discussed in 
[Leporini 02] and [Leporini 04], since both aspects are crucial for navigation via 
assistive devices. Another study concerning accessibility of on-line library resources 
for sightless persons was performed in [Schmetzke 02]. 
An interesting research focus on search engine design for the blind is presented in 
[Ferworn 00]. Specifically, the authors describe and discuss the implementation of an 
auditory search engine prototype, which provides vocal output by using real-time 
text-categorization to organize results into a voice menu format. 
Concerning usability user testing involving the use of search engine, within the 
framework of the NOVA project (Non-Visual Access to the Digital Library) the 
Manchester Metropolitan University performed usability experiments on a sample of 
blind and visually-impaired users who carried out four information-seeking tasks, 
including the use of search engines. Interesting and detailed results are included in 
[Craven03]. In [Ivory 04], a study analyzing the decision-making behavior and 
performance of blind and sighted users during the search task was conducted. This 
research aims to identify page features that could be presented in result displays, and 
the circumstances might help users to decide whether to explore search results or not. 
In most cases, participants expressed a desire for additional page features, which 
varied depending on their visual ability and ability to specify criteria for controlling 
the order of results (ranking). Various ways to improve the user’s search experience 
are suggested. 
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3 Research Objectives  
This study considers accessibility and usability issues related to interacting via 
screen reader, in order to propose new solutions for improving the search engine 
interface and providing easier access. Our investigation consisted of four steps: 
i. Identifying the main accessibility issues. 
Automatic heuristic checking of accessibility. We selected the most popular 
search tools in Italy, and others that display interesting features either in the 
search interface or in the presentation of results, as discussed in the next 
section. Using two automatic evaluators we checked all the search tool 
interfaces to detect the most important technical problems, according to W3C 
standards. 
ii. Investigating usability issues. 
Empirical exploratory research. A questionnaire1 was prepared in order to 
learn how individuals use the search tools, their satisfaction, problems, 
suggestions for improving UIs and so on.  
Data analysis. The data collected from this automatic heuristic checking and 
from the empirical research were then analyzed to produce a preliminary 
evaluation report.  
iii. Proposing specific guidelines.  
Understanding interaction via screen reader. We chose Google for our study, 
since it is the most popular search engine used in the Italian sightless 
community. Specifically, we highlighted problems that may arise when 
interacting via screen reader, by simulating the execution of a simple search 
task on Google. 
Definition of specific design guidelines. Based on what we learned from our 
study, we proposed a list of general principles for UI designers to follow.  
iv. Proposing and testing a possible solution. 
Improving Google interfaces. At this point we developed modified Google 
interfaces, following our guidelines for taking into account the needs of blind 
users. We did not modify the original graphic style of the interface (i.e. the 
visual layout) but only modified the source code for better navigation via 
screen reader. 
Testing the proposed solutions. In order to evaluate the effects of the 
proposed criteria and the new user interfaces, we plan to prepare a user test 
involving sighted as well as visually-impaired users. During the test we will 
assign several tasks to participants in order to evaluate the effects of our 
proposed principles. 
                                                 
1 The full questionnaire is reported in Appendix. 
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The first three steps are discussed in detail in [Andronico 04], [Buzzi 04], [Leporini 
04b]. We briefly describe the most important results in the next three chapters, and 
then introduce a possible solution in the next section. 
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4 Identifying  the Main Accessibility Issues 
We began our research with an automatic validation test of the selected search tools 
in order to verify whether their interfaces conformed to the W3C accessibility 
guidelines. For cross- testing, we selected two free validators: Bobby2 
(http://bobby.cast.org/) and Torquemada3 (http://www.webxtutti.it/). We observed 
that Bobby conveniently arranges errors by priority level as defined in WCAG 1.04, 
while Torquemada lists errors in the same order they appear in the source code. 
Furthermore, Bobby’s report is more complete than that of Torquemada, which is 
still under development. As previously mentioned, we chose seven search tools that 
were either the most popular or presented a particular feature: 
• Google (http://www.google.com/), and Altavista (http://www.altavista.com/), 
very popular search engines; 
• Yahoo (http://www.yahoo.com/) and Excite (http://www.excite.com/) web 
directories and meta-searches. Yahoo has its own search engine.  
• HotBot is a meta-search which permits customizing the user interface 
(http://www.hotbot.com/); 
• Vivisimo is a meta-search which performs on-fly clustering of results 
(http://vivisimo.com/); 
• Kartoo is a meta-search which displays results with a series of interactive maps 
(http://www.kartoo.net/).  
The tests were performed on four types of interface5 for each search tool: home page 
(simple search), advanced search, preferences and results.  
Due to the nature of accessibility guidelines, which require human supervision to be 
efficiently evaluated, (for example, some guidelines concern pictures or color 
contrast between background and foreground) we manually checked the validator 
output. 
                                                 
2 “Bobby is a web accessibility desktop testing tool designed for small websites to help expose 
barriers to accessibility and encourage compliance with existing accessibility guidelines, including 
Section 508 of the US Rehabilitation Act and the W3C's Web Content Accessibility Guidelines 
(WCAG), on a page-by-page basis.” From http://www.w3.org/WAI/ER/existingtools.html 
3 “Torquemada is an Italian-language tool designed to assess Website accessibility. The initial version 
is an online service, but the tool is under development and a downloadable version is promised soon.” 
From http://www.w3.org/WAI/ER/existingtools.html 
4 WCAG: Web Content Accessibility Guidelines 1.0, W3C Recommendation 5 May 1999. 
http://www.w3.org/TR/WAI-WEBCONTENT/ 
5 The test on the interfaces, performed during a degree thesis, has been completed in October 2003.  
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Of all the tools, only Google conformed to priority 1 of WCAG 1.0, meaning that it 
satisfies the minimum accessibility degree (level A), whereas other search engines, 
directories and meta-searches presented priority 1 errors. 
The analysis showed that errors are recurrent: different search engines present the 
same defects. For instance, tables are frequently used for the layout of page results, 
ignoring the needs of sightless individuals for whom table contents are very difficult 
to access due to the sequential reading. In some interfaces, one type of error is 
present in one part of the page source but not in another. This suggests that various 
updates have been performed in the past by different tools/persons, resulting in 
inconsistent attention to accessibility. 
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5 Investigating Usability Issues 
Inserire più grafici???? 
To gather user feedback, we drew up a four-part questionnaire comprising: user 
characterisation, general knowledge of search tools, use of search interfaces 
(simple/advanced search and preferences). The information was collected and used 
in absolute confidentiality.  
The questionnaire was distributed to 52 individuals. The sample consisted of 75% 
sighted and 25% sightless users; 33% were women and 67% men; age range was 
from 20 – 60+ years. Of this sample 54% were ICT-skilled; however, all subjects use 
the computer either at home (13%), work (44%) or both (43%). Google was the most 
popular search engine, followed by Altavista and Yahoo. Our first observation was 
that sightless users do not use web directories. For the blind, an interface crowded 
with elements is very difficult due to the more complex visual layout and structure, 
and it may become impracticable. 
Feedback on knowledge of search tools showed that 60% of users always used the 
same search engine but 79% have tried performing queries with different search 
products. This value may indicate that the user attempts to find better user interfaces. 
In addition, 58% utilize search engines frequently while 33% do so only when 
needed. 
The third part of the questionnaire concerned how users utilize search engines. Only 
25% of the subjects had attempted to configure the search tool (i.e. the preference 
page). However 75% have used the advanced search; of these 38% were blind and 
87% sighted users. This data confirms that interaction with a more complex interface 
is more difficult for blind users. About 87% of the total sample (blind and sighted 
users) agree that using a search engine is the fastest way to find information on the 
Internet. In all the following figures the diagonal-row pattern represents sighted 
users, while the solid color indicates blind users. 
Usability renders Internet navigation more effective, efficient and satisfying. To the 
question “do you think that search engines are easy to use?” 92% of sighted users 
answered “yes”; in contrast, 77% of blind users said “not always”, as shown in 
Figure 3b). This result highlights the fact that usability is crucial for disabled 
persons. 
Concerning queries, users usually specified more than one keyword (92% of sighted 
users and 69% of blind users) as shown in Figure 1a. Furthermore, 67% of sighted 
users had no difficulty choosing the right keywords for the query, whereas only 38% 
of blind users agreed with this. 
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Fig. 1. - a) number of keywords b) difficulty choosing the keywords 
Regarding results, 67% of sighted users explored more than two pages compared to 
15% of blind users, while 80 % of blind users accessed only the first two (Fig. 2a). 
Once again these data reflect the difficulties of sightless users. The ability of sighted 
users to rapidly focus on interesting results or discard irrelevant information is 
greatly reduced in blind users due to the sequential access to page contents. Thus the 
blind need more time to visit each result page and accessing more than two pages 
becomes difficult, if options for rapid navigation via keyboard are not offered. 
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Fig. 2. - a) page of results visited b) searching in results 
In addition, only 23% of blind users use the refining function (for searching into 
results) compared to 59% of sighted users (Fig. 2b). Lastly, sponsored results were 
known to 48% of the whole population, but only 25% were able to recognize them 
among all results. 
The last part of the questionnaire attempted to identify the greatest difficulties for 
users. This question permitted multiple answers; Figure 3a shows the results. For 
sighted users the main obstacle is choosing the right keywords (62%) while blind 
users also have difficulty reading results (46% compared to 15% of sighted users) 
and accessing interfaces (functions/interfaces unclear): 31% compared to 18% of 
sighted users. Lastly, 90% of sighted users nearly always find what they are looking 
for, while 38% of blind users find useful information only sometimes and 8% almost 
never! (Fig. 3b). 
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Fig. 3. – a) Difficulties for users b) finding what you are looking for 
 
These data demonstrate that sightless individuals are more sensitive to user interface 
design. Thus, it is crucial to structure results in a way that permits blind users to 
access them quickly and easily. For instance, reaching the result area rapidly, clearly 
knowing the number of results obtained, reading appropriate links about the results, 
and so on, are important features for users who access information by means of a 
voice synthesizer or Braille display. 
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6 Proposed guidelines 
For users interacting by means of any kind of assistive technologies, the UI layout 
and structure are crucial, since when navigating by screen reader the user perceives 
page content in a very different way from its rendering on the screen. Originally the 
HTML language was developed for structural markup of a document, but in today's 
Web, it is still used for formatting. The developer should be aware of how the screen 
reader handles Web page layout, and how blind or visually-impaired users perceive 
page content and interact with the interface. The main issues in UI design are: 
A. Page content serialization. The JAWS screen reader takes the page source and 
serializes its content (link, edit field, button, cell, and so on). Also frames or 
blocks <div> are lined up, without taking into account specific positions assigned 
by CSS properties. Basically, JAWS reads the code as it was written and lines up 
the page content in the form of a single column. Thus, the order in which the 
blocks <div> and the frames are written is very important. 
B. Navigation by Tab key and special commands. It is important to remember 
that a blind user usually prefers to visit the page link by link (by Tab key) or use 
special commands in order to move quickly around the pages. Hence, it is 
important to facilitate navigation via keyboard by assigning a scale of importance 
to the links, applying shortcuts to main elements, using specific tags such as 
<Hn>, and so on. Furthermore, many special screen reader commands operate 
well only if the developer has applied specific tags or attributes, or appropriate 
criteria have been followed. 
C. Differences between visual layout and aural perception. Often when 
developers design a Web page they provide some useful information by means of 
visual features, such as position, color, separating blank spaces, formatting 
features, and so forth. For instance, some secondary information is placed on the 
side so that users can recognize it immediately. It is important to provide the 
same “message” to a blind user by another means (e.g. using a table, a heading, a 
hidden label, etc.). 
Taking into consideration the above issues as well as accessibility and usability 
difficulties resulting from the screen reader, we propose that the following principles 
be considered when designing a search engine interface layout:  
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1. Easy location and labelling of edit field and search options. Place edit fields, 
option buttons and any other search element at the top of the Web page; avoid 
secondary elements (links, texts, banner frames, etc.). To place an object in a 
specific position of the visual layout, use the position CSS properties. Be careful 
to correctly match <label for> with input elements, and put labels above or to the 
left of the input element, rather than below. 
2. Highlighting the search result. Use a heading level (i.e. <h1> or <h2>…<h6>) 
at the beginning of the result list; if possible, this heading element should be the 
first in the page source. If a table is used to format the results, a summary 
attribute such as “Results of the research: xxx results found” or “No results 
found” should be assigned. In addition, the number of the current page vs the 
total number of pages should be clearly indicated (e.g. x of y found).  
3. Arranging the results. Put the list of the result links with their summary, just 
after the search result notification (nothing else should be located in the middle). 
Create the list by applying <ul> or <ol> elements; each item on the list should 
consist of a single result. This feature enables the screen reader to inform the user 
of the number of items; the user is then able to skip quickly item by item. The 
page should contain a maximum of ten items. 
4. Recognizing sponsored links. Keep sponsored links separate from the other 
results. Thus, put them in a clearly labeled separated table (e.g. “sponsored links” 
summary attribute), and insert the table code after the results list in the page 
source; to locate sponsored links on the right side - or in another specific place – 
use the CSS properties.  
5. Adding navigation and help links. Locate the links pointing to result pages at 
the end of the list (not before). This allows users to read the current results 
(summaries and links) first, and then the pointers to the next results; this is 
important when users move by arrow keys (i.e. in a sequential manner). 
Furthermore, it would be useful to add help or navigation links (in this case 
hidden links) for moving around the page, such as “skip to results”, “go to search 
edit field”, and “go to result page”. 
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6. Navigating more quickly. Assign a scale of importance (i.e. by the tab index 
attribute) so users can reach the most important elements quickly. In the first 
search page, higher values should be assigned to edit field and search options; 
whereas in the result page the higher values should be given to result links. A 
lower value should be assigned to secondary links if present (such as “cached” or 
“similar pages”). Furthermore, shortcuts may be associated with search elements 
(text box, buttons) and links to pages of results. 
7. Alerting by sound. Different sounds for different events should provide useful 
information for blind users. For instance, two different sounds may be used to 
indicate the success (at least one result) or failure (no result) of the search. 
However, a more complex sound assignment could be applied. 
8. CSS2 aural style sheets. Web designers should use aural style sheets provided 
by CSS2 specification for making web contents more usable and accessible to 
blind people. At the same time, browsers and screen readers must be able to 
interpret aural CSS properties. 
6.1 Proposing and testing a possible solution 
In the last step, we decided to apply our proposed guidelines to a specific case.  
Since Google was the search tool preferred by blind people (in our study), we chose 
its user interface. Specifically, we modified the original Google interface (source 
code) for simple search and result exploration, while carefully maintaining the 
original graphic layout. In the following, we refer to these new interfaces as 
“modified Google User Interfaces”. By means of the new interface design we 
intended to map the visual functions as aural-usable information, in order to achieve 
rapid positioning in the desired interface area, immediate information on search 
status, etc. Since we intend to show how the user interface can be improved while 
keeping the same visual layout, the changes only involve screen reader interaction; if 
the needs of visually-impaired people are also considered, changes will affect the 
visual layout as well.  
We will describe the technical approach to this part in detail in the following section. 
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7 Reeingineering of Google Uis 
In the current phase of our research, the aforementioned guidelines were applied to 
the Google GUI in order to shorten the time needed to carry out a search task. Our 
idea is to re-engineer the code of Google web search pages without changing the 
original “look&feel” but facilitating interaction by screen reader.  
Reengineering the user interfaces required a complete redesign process, but under the 
constraint of an unmodified visual layout. To accomplish this, we separated the 
page’s information from the visual rendering, using the cascading style sheet (CSS), 
one of the W3C Recommendations, that permits to organize the page into logical 
blocks. Thanks to the main characteristics of the CSS language, each block can be 
positioned in the XHTML code without changing its position in the graphic layout. 
For this reason our first steps were an attempt to re-write the code in accordance with 
the last standard on the web: 
o Structuring the page content in logical sections; 
o Modifying the order of the functional block of elements in the page (e.g., 
navigation bar, search fields, search options, result list, etc.).  
Furthermore, we implemented some features that make the interface more accessible 
in general and simpler to navigate via screen reader: 
o Building a different navigation order when interacting through tab index or 
access key; 
o Specifying information useful for the screen reader only (i.e. hidden labels); 
o Adding aural feedback (i.e. specific sounds for different events). 
For this investigation we considered Internet Explorer, since the Jaws screen reader 
is tested with this browser and does not work properly with other ones. 
Google offers two slightly different versions: 
- the .com, the original one; 
- the regional versions, such as .it, .uk and .fr. This version furnishes options 
(radio buttons) to restrict the search to the specific domain (it, .uk, .fr.) or 
language of the region (if it is different from English). 
Since we need English for writing up our results and Italian for conducting the 
usability test, we decided to work in parallel with the Italian (http://www.google.it/) 
and the UK (http://www.google.co.uk/) versions. 
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8 Restructuring the code 
One of the most frequent problems encountered by a sightless person navigating via 
screen reader is misunderstanding or losing track of the content. This negative effect 
is due to the difference between the visual layout and perception via screen reader. In 
particular, the use of a table for obtaining a graceful rendering may cause different 
parts of the text to be out of order in the sequential reading.  
Also, Google uses tables just for layout purpose both in the simple and in the 
advanced search UIs. For this reason, our first aim was to demonstrate that with very 
little effort, by eliminating the tables, it is also possible to structure elements in an 
interface as simple as Google. 
8.1 Re-write the code according to the latest standards 
Figure 4 shows the original (a) and modified (b) Google Home Page loaded in the 
Internet Explorer browser. At first the two interfaces look quite the same; instead, 
their interpretation by Jaws is very different (as shown in Figure 9).  
 
Figure 4 – a) Google home page available at http://www.google.co.uk b) Our modified interface 
 
Looking more closely at the source code of the original Google UI, we observe that 
two tables have been used, which are invisible on the screen since the cell border 
was set to 0 pixels. Figure 5 shows the cells of the tables used in the layout of the 
original Google Home Page. 
In the result page thirteen tables are used; some of them are nested. In this case, the 
effort required of a blind person increases greatly due to the fact that she/he needs to 
keep in mind the more complex logical sequence of the page structure that she/he 
cannot see. 
 
Figure 5 – Use of tables in the UK Google home page 
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 To refine Google user interfaces, we then decided to follow the same logical 
structure as the graphical layout which divided the entire contents into four different 
sections (highlighted in red in Figure 6): 
1) Navigation bar 
2) Search box and options 
3) Advanced Search and Preferences 
4) Google info and other links (Google Links) 
 
 
 
4 
1
3 
2 
Figure 6 – Logical sections of the modified Google home page 
 
In order to define those four sections, we considered the CSS block properties rather 
than the layout tables. In practice, we used <DIV> tags for structuring the content 
and elements. When the graphic interface is visually perceived, it is easy to identify 
the four main sections based on the arrangement of elements. Our goal is to give a 
similar opportunity to users navigating by screen reader. Since we based content 
structuring on <DIV> blocks, a preliminary solution might consist in giving an 
appropriate “title” attribute to the <DIV> blocks which embody the four main 
sections (for example: div class=”navbar” title=”navigation bar:”). Unfortunately, at 
present ( as of the writing of this paper) the latest version of the screen reader used 
for our test (i.e. Jaws 5.10) is unable to interpret the “title” attribute assigned to the 
<DIV> element (i.e. the <DIV> title is not announced); therefore, an alternative 
solution is proposed. If the screen reader makes this feature available, developers 
should define a meaningful “title” for the main blocks of the page so that the user, 
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once he has the “title” attribute list, can quickly learn the page structure and easily 
jump between sections.  
We used the same technique for the results page and divided it into eight sections as 
shown in Figure 7.  
 
8
7
6
5
4
3
2
1
Figure 7 – Modified Google interface: results page 
 
One of the features provided by Jaws is the possibility of recognizing the heading 
levels - i.e. content enclosed between <Hi> tags and the corresponding heading 
number are announced - and jumping to another heading level within the page. Since 
<h1>…<h6> tags are an efficient and encouraging way to achieve good document 
structure (e.g., chapters, paragraphs, and so on), we propose their utilization for 
structuring the web interface. The idea is to assign a heading level <Hi> to the “title” 
(in our case a hidden label) of each page section. Practically, this approach “extends” 
the heading level usage. Our suggestion is to apply heading levels for good page 
structure, whether it is a document or any generic Web content. thus, the page 
content is logically structured into several sections. Each section should have a 
“title” either visible on the page or masked by an appropriate hidden label. In this 
method, an “index” of the sections available for the page can be created on- fly (i.e. 
by a special Jaws command “Insert+F6); then, moving to a desired section, or 
navigating among the headings (previous and next), is quite easy. 
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Figure 8 shows the Heading Lists of the Google modified interfaces (home page and 
result page), generated by Jaws. We defined four headings for the modified home 
page and eight for the result page. Note that the original Google interface does not 
present such a structure. Three different importance levels were assigned: “<H1>” 
for the most important page section; “<H2>” for sections which might be useful; and 
lastly “<H3>” for sections that are not particularly useful. For instance, in the Google 
home page the most important section is “Searching for”, while for the result page it 
is “Search results” 
 
Figure 8 – Logical sections of the modified UIs: a) home page and b) results page (generated by a 
specific Jaws command) 
 
Thanks to this structure, blind users can jump to a specific part of the interface using 
three different Jaws commands: 
o By pressing the Insert+f6 key, the user obtains the heading list. With the 
arrow keys he/she can select the desired section and just push the Enter key. 
o The “h” and “shift+h” commands permit users to jump to the next or previous 
heading (independently of its level); in this way users move sequentially 
within interface sections. 
o By pressing the “1”, “2” … “6” keys, users jump directly to the next (or prior 
if shift is associated) Heading at Level. For instance, if the user presses the 
“1” key when the results page is loaded, the current focus moves to the 
“search result section”, since a tag <h1> has been associated to this section. 
In any case, other specific commands for skipping to the first or last heading 
are available. 
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8.2 New logical order 
Once we decided which sections to consider on the page, we defined the CSS file to 
specify the rendering options and position each section on the original part of the 
screen. Each section was then considered as a unique block according to the CSS 
language, with the <div> property. The <div> tag associated with a specific identifier 
permits us to order the element in a position in the code that may be different from 
its position on the screen. For example, the first element in a GUI6 unnecessary is the 
first element in the XHTML code. 
The order of the blocks is quite important, both for a correct interpretation of the 
content, and to save time when reading the page sequentially. In fact, the screen 
reader reads the <div> blocks as they are written in the page code. Originally, we 
planned to organize the code by inserting elements according to their degree of 
importance (from the most to the least relevant) and using the CSS position to 
properly visualize the element blocks on the screen. Unfortunately, we were unable 
to use the absolute positioning property of the CSS, since some browsers, such as 
Internet Explorer v. 6 (the browser used in our investigation) still do not support this 
feature. For this reason, we compromised between the best technical solution and one 
that is actually applicable, due to the current state of screen reader and browser 
compliance to standards. 
Figure 9 reports the source code in both the original (a) and the modified (b) Google 
home page. Although the source code is increased, a blind user can easily jump to 
the desired section, or navigate sequentially after visiting the most important sections 
first. 
 
                                                 
6 We assume that the first element on the screen is the first element encountered by our eyes when we 
read or scan a page (according to our culture, left-right and top-bottom). 
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<table cellSpacing=0 cellPadding=4 border=0> 
  <tbody> <tr> 
    <td class=q noWrap> 
   <b> Web </b> &nbsp;&nbsp;&nbsp;&nbsp; 
   <!-- code of all the navigation bar links --> 
   </td> </tr> </tbody>  
   </table> 
<table cellSpacing=0 cellPadding=0> 
   <tbody> <TR>  
   <td width="25%">&nbsp;</TD> 
   <td align=middle>  
      <!-- search edit field and buttons --> 
      </td> 
   <td vAlign=top noWrap width="25%"> 
      <!-- links for advanced search --> 
      </td> </tr> 
   <tr> 
   <td align=middle colSpan=3> 
      <!-- search radio buttons --> 
      </td> </tr> </tbody> 
   </table> 
<p> 
   <a href="http://www.google.co.uk/ads/">  
   Advertising&nbsp;Programmes </A> - 
   ... 
</p> 
<!-- Navigation bar -->
<div id="navigationbar"> 
   <h2 class="hidden-label"> Navigation bar: </h2> 
   <!-- xhtml code for the navigation links --> 
   </div> 
 
<!-- search area --> 
<div id="left"> 
<div id="sfields"> 
   <h1 class="hidden-label"> Searching for: </h1> 
   <!-- search edit field and buttons --> 
   </div> <!-- End of sfields block --> 
<div id="schoices"> 
   <!-- code for the search radio buttons --> 
   </div> <!-- end of schoice block --> 
</div> <!-- end of left block --> 
 
<!— Advanced Search and Preferences links -->
<div id="right"> 
   <h2 class="hidden-label"> Advanced Search: </h2> 
   <a 
href="http://www.google.co.uk/advanced_search?hl=en"> 
   Advanced Search </a> <br /> 
   ... 
   </div> <!-- end of right block --> 
<div id="bottom"> 
<h2 class="hidden-label"> Google Links: </h2> 
   <a href="http://www.google.co.uk/ads/"> 
   Advertising&nbsp;Programmes </a> -  
   ... 
   </div> <!- end of bottom block --> 
Figure 9 – Source code showing the sequence of content blocks: a) the original, and b) the modified 
UK Google home page  
 
Figure 10 shows the screen reader’s interpretation of the original and the modified 
page, associated with the order of the section in the corresponding graphic interfaces. 
Italics refer to words/sentences read aloud by the screen reader, informing the user 
about interface elements (link, button, edit field, heading level and so on). New parts, 
added when we reengineered the interface, are highlighted in bold. 
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Graphic Google 
 
Web 
Link Images 
Link Groups 
Link News 
Link more » 
 
Edit 
Google Search Button 
I'm Feeling Lucky Button 
 
Link Advanced Search 
Link Preferences 
Link Language Tools 
 
Search: 
Radio button checked the web  1 of 2 
Radio button not checked pages from the UK  2 of 2 
 
Link Advertising Programmes - 
... 
Graphic Google logo 
 
Heading level 2 Navigation bar: 
Link Navigation help alt+h 
Web 
Link Images 
Link Groups 
Link News  alt+n 
Link more » 
 
Heading level 1  Searching for: 
Edit  alt+0 
Google Search Button 
I'm Feeling Lucky Button 
 
Search: 
Radio button checked The Web alt+w 1 of 2 
Radio button not checked pages from the UK alt+p 2 of 2 
 
Heading level 2 Advanced Search: 
Link Advanced Search  alt+a 
Link Preferences 
Link Language tools  alt+l 
 
Heading level 2 Google Info: 
Link Advertising Programmes - 
... 
Figure 10 – Screen reader interpretation of the: a) original, and b) the modified UK Google home 
page 
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9 Additional features 
Once we finished restyling the page, we decided to improve accessibility and 
usability characteristics by adding some additional features, explained in detail in the 
following paragraphs. 
9.1 Quick navigation 
In order to improve navigation among the elements in the sections and by keyboard, 
it is advisable to use tabbing order and shortcuts. For this reason, we had assigned 
some tab-index and access keys to two pages: the home page and the result page. The 
access keys were chosen to correlate with the associated element that was the most 
intuitive for a user. For example we chose the letter H for navigation help, or G for 
Google home page. Table 1 summarizes all the shortcuts introduced in the modified 
Google UI. 
 
 
Key Description 
H Navigation help 
G Google home page 
0 Search field 
W Radio button “the Web” 
P Radio button «Pages from UK» 
A Advanced search 
L Language tools 
N News 
+ Next page 
-  Previous page 
Table 1 - Shortcuts in the modified Google UIs 
 
We applied different levels of tabbing order for the home page and result interface. 
In the home page, the search field and options are more relevant than other parts; in 
the results page we thought that the number of results and the result links should to 
be visited before other elements. For this reason, different behavior occurs when the 
user presses the Tab key in those pages. The next table summarizes the visiting order 
when the user moves by Tab key in both the Google home page and result page. 
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Search box and option buttons; 
Search push buttons (i.e. "Google search" and "I'm 
Feeling Lucky"); 
Navigation Bar; 
Advanced Search and Preferences; 
Google Info and other links. 
 
Search results (i.e. Results 1 - 10 of 
about...); 
First result, Second result, etc. (cached and 
similar links are skipped); 
Result pages (Prev, 1, 2,…); 
Search Tools (i.e. "Search within results" 
and "Search Tips"); 
Sponsored Links; 
Searching for; 
Advanced Search  
Navigation bar; 
Google Info and other links; 
Cached and similar page links. 
Table 2 – Visiting order with Tab Key navigation: the modified (a) home page, and (b) result page 
 
Figure 11 shows the code used for specifying tab index levels and shortcuts. The 
parts in bold refers to the tags for tabbing order and those in italics refer to the 
shortcuts. A lower tab-index value indicates greater importance (i.e. the element with 
tabindex=1” is the most important). Interacting elements without tab index are 
visited for the last ones (e.g. cached and similar pages).  
Notice in the figure the use of the tag <a name=”results”… >. This tag is defined to 
create a false link, which allows the users pressing the Tab Key to jump immediately 
to “Result 1 of…”. The hidden labels are described in the next section. 
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<a name="results" tabindex=”1”> 
Results 1 - 10 of about </a> 
... 
<div id="result-list"> 
<div class="r"> 
<p class="hidden-label"> 1. </p> 
<a href="…" tabindex="1"> First result </a> <br />  
...extracted text... <br /> 
<a href="…"> Cached </a> - 
<a href="…"> Similar pages </a> 
</div> 
<div class="r"> 
<p class="hidden-label"> 2. </p> 
<a href="…" tabindex="1"> Second result </a>  
... </div> 
 
<div class="nav-pages">  
<a href="…" accesskey="-" tabindex="5"> <img height=26 alt="" src="img/nav_previous.gif" 
width=68 border=0> <br /> 
<strong>Previous</strong></a> </div> 
... 
<div class="nav-pages">  
<a href="" accesskey="+" tabindex="5"> <img height=26 alt="" src="img/nav_next.gif" 
width=100 border=0> <br /> 
<strong>Next</strong></a> </div> 
Figure 11 - Fragment of result page code containing tab index and access key assignments 
9.2 Hidden labels 
“Hidden labels” are another feature we added in order to simplify navigation for a 
blind user. In this case, a label added to a particular section is hidden to a sighted 
user, but is read by the screen reader. Like other options provided by the CSS 
language, such as the ALT attribute for an image, or the TITLE attribute, our labels 
aim to facilitate recognition of an element in a page, whereas no attribute does this. 
We used the hidden labels for the following purposes: 
- Marking the search edit fields (e.g. “searching for”); 
- Marking interface sections (“navigation bar”, “search results”, etc.); 
- Inserting blank lines to separate content blocks and to make reading via 
screen reader clearer. 
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The “key” for defining our hidden label is the use of the z-index css property which 
means the hidden label is placed in the layer -1, i.e. under the basic layer (z-index=0) 
containing the page. In order to assure the label’s invisibility on the screen it is not 
possible to use the display:none and visibility: hidden properties since the screen 
reader interprets these directives and does not read the label. 
Furthermore, at this time,the media:aural property is not supported by either the 
Jaws screen reader or the IE browser. Thus, to guarantee the label’s invisibility, a 
solid color should be assigned to the DIV block covering the hidden label. 
9.3 Aural feedback 
Aural feedback is very useful for blind users since it permits them to associate a 
specific sound with a given situation. A sightless user is used to configuring the 
operating system and its applications so that specific sounds are reproduced when 
certain events occur. We can call this a “sound icon”, since each aural message has a 
specific meaning. 
We then applied this feature to the Google interfaces, adding several aural icons in 
appropriate, specific positions, such as: 
o When the edit field receives the focus; 
o When the user types the search text; 
o When a radio button for setting the search option (i.e. “the web” or “page 
coming from …”) is selected: lower tones are used; 
o A different sound for the success or failure of the search process. 
The last case is especially useful for a blind user, because it immediately informs 
him whether the search has succeeded, without having to explore the page content. 
In order to link a sound to a specific event or situation, the best way would be to use 
aural css properties. Since current browsers do not recognise and interpret aural css 
properties, our interface uses javascript, as shown in Figure 12. 
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//Definition of events-file of sounds 
var snd= new Array(); 
snd[0] = sndpath+"pageload.mid"; 
snd[1] = sndpath+"ontextf.wav"; 
snd[2] = sndpath+"key.mid"; 
snd[3] = sndpath+"sradiob1.mid"; 
snd[4] = sndpath+"sradiob2.mid"; 
snd[5] = sndpath+"sradiob3.mid"; 
snd[6] = sndpath+"results.mid"; 
snd[7] = sndpath+"noresults.wav"; 
 
function playsound(sound)  
{ 
 document.all.music.src=snd[sound]; 
} 
Figure 12 - javascript code: association of sounds with events and play function 
 
To customize the interface, a sound option should be available for enabling/disabling 
sounds. 
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10 Conclusion and Further Work 
Our analysis aims to demonstrate that usability for blind users can be greatly 
improved while maintaining an appealing graphic layout. To accomplish this, we 
redesigned the Google user interfaces by taking into account problems of navigation 
via screen reader. 
First, we structured the UI in logical sections, grouping interface elements by 
function. Interaction via screen reader was then simplified. Specifically, we used 
heading levels to assign different degrees of relevance to different parts of the 
interface (i.e. logical sections), and by using “hidden labels” we marked these 
sections to be perceived only by screen reader. Then aural feedback was added to 
further simplify the interaction. 
In the future, in order to evaluate the effects of the proposed criteria and the new user 
interfaces, we plan to make a specific user test with sightless users. During the test 
we will assign several tasks to participants in order to actually evaluate the effects of 
our proposed principles. We wish to demonstrate that a blind user can perform fewer 
steps to accomplish a specific search task using our interface instead of the original 
one.  
In conclusion, redesigning an existing site can be onerous in the case of large, 
dynamic sites, but for search engines, which have at most four interfaces (simple 
search, advanced search, results and preferences) the cost is low and benefits are 
considerable for any user.  
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11 Appendix 
In the following we show the questionnaire we used for the test. 
 
Age 
 
Up to 
19 
years 
20-29 30-39 40-49 50-59 Over 
60 
Sex Female Male 
Do you use the computer frequently? YES NO Sometimes 
Do you use the computer primarily at 
home or at work? 
HOME WORK Both  
Do you often surf the Web?  YES NO  
Do you have special skills in computer 
science/telecommunications? 
YES NO  
Are you familiar with Boolean 
operators? 
YES NO  
Do you know what a search engine is? YES NO  
Do you know what a web directory or 
a portal are? 
YES NO  
Do you know what a meta-search 
engine is? 
YES NO  
Have you ever used the above tools to 
perform a search? 
 
 
YES 
 
If yes, continue 
with the 
questionnaire 
NO  
 
If NO, thank you for your 
cooperation; the rest of the questions 
are specific to the characteristics of 
search engines and their use. 
Vivisimo  YES NO 
Excite YES NO 
Google YES NO 
HotBot YES NO 
Altavista YES NO 
Yahoo YES NO 
 
Have you ever used one of these search engines? 
 
Kartoo YES NO 
 
Which search engine do you usually use? 
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 If none of the above, please specify the search engine you 
usually use and why. 
 
Do you always use the same search 
engine ? 
YES NO  
 
Have you ever tried to perform a 
search using more than one search 
engine? 
YES NO  
 
Do you often use search engines? 
YES NO If necessary 
 
Habit 
 
It’s fast 
 
Recommended 
by others 
 
Why? 
 
(mark one of these boxes)  
I saw it on TV, in 
magazines, or on 
the internet 
 
OTHER: please specify 
Are you familiar with all the functions 
of the search engine you use most? 
YES NO DON’T KNOW 
 
Are there links which you have never 
tried? 
YES NO MAYBE 
 
Have you ever used the Preference 
Page of a search engine? 
YES NO DON’T KNOW 
 
Have you ever used the advanced 
search function?  
YES NO ALWAYS Don’t know 
what it is 
 
Do you think that additional functions 
could improve search methods?  
YES, for example: NO 
 
Do you think that search engines are 
easy to use? 
YES Not always, because: 
 
How many words do you usually type 
in for your searches? 
ONE More than one A whole phrase 
 
Do you have difficulty choosing the 
right words? 
YES NO Sometimes 
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 Why? 
 
 
How many pages of results do you 
consult for each search? 
Only the first The first two  More than two 
Do you have difficulty reading the 
results of your search? 
YES NO Sometimes 
Why?  
Do you know what sponsored links 
are? 
YES NO  
Do you know how to distinguish the 
sponsored links from the others? 
YES NO  
Have you ever used the function for 
refining search results?  
YES NO Don’t know how 
Do you ever search within results? YES NO Don’t know how 
Do you always find what you are 
looking for? 
YES ALMOST 
ALWAY
S 
SOMETIME
S 
ALMOST 
NEVER 
NEVER 
Use of 
functions 
unclear 
Main interface unclear Difficulty 
choosing the 
right keywords 
What do you consider the biggest 
problems when performing a 
search? 
(mark one or more of the boxes) Difficulty 
reading search 
results 
Other (please specify): 
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